Two cell lines of human T lymphocytes (H9 and CEM) chronically infected with isolates of human or simian immunodeficiency viruses were examined by electron microscopy. Scanning electron microscopy of H9 cells showed characteristic morphological changes in the cells after infection with human T cell lymphotropic virus type III (HTLV-IIIB); these included loss of cell microvilli and their replacement by rounded surface protrusions. Virus particles were present over the whole cell surface, but were more numerous between, rather than on, surface protrusions. In contrast, CEM cells infected with three other isolates of the virus showed little change in morphology compared with uninfected cells; they typically had a single large aggregate of virus particles at the posterior end of the cell. Transmission electron microscopy of sections of infected cells showed budding virus in only a small proportion of cells although many had mature virus particles on their surface. The immature particles released by budding had a ring-like morphology in contrast to the mature virus with its characteristic elongated nucleoid. Surface spikes were rarely seen on sectioned virus particles, but were more obvious on the simian immunodeficiency virus than on human isolates. Negative staining of purified virus preparations showed that the peripheral dense material of immature particles had a striated structure. Surface spikes were not seen by negative staining on either immature or mature virus particles. A third type of smaller particle with surface spikes was found in all negatively stained preparations.
Electron Microscopy of Human Immunodeficiency Virus
Two cell lines of human T lymphocytes (H9 and CEM) chronically infected with isolates of human or simian immunodeficiency viruses were examined by electron microscopy. Scanning electron microscopy of H9 cells showed characteristic morphological changes in the cells after infection with human T cell lymphotropic virus type III (HTLV-IIIB); these included loss of cell microvilli and their replacement by rounded surface protrusions. Virus particles were present over the whole cell surface, but were more numerous between, rather than on, surface protrusions. In contrast, CEM cells infected with three other isolates of the virus showed little change in morphology compared with uninfected cells; they typically had a single large aggregate of virus particles at the posterior end of the cell. Transmission electron microscopy of sections of infected cells showed budding virus in only a small proportion of cells although many had mature virus particles on their surface. The immature particles released by budding had a ring-like morphology in contrast to the mature virus with its characteristic elongated nucleoid. Surface spikes were rarely seen on sectioned virus particles, but were more obvious on the simian immunodeficiency virus than on human isolates. Negative staining of purified virus preparations showed that the peripheral dense material of immature particles had a striated structure. Surface spikes were not seen by negative staining on either immature or mature virus particles. A third type of smaller particle with surface spikes was found in all negatively stained preparations. INTRODUCTION Electron microscopy (EM) and assays for reverse transcriptase activity were initially the only two techniques available for detection of human immunodeficiency virus (HIV). Thus EM played an important role in the discovery of HIV (Barr6-Sinoussi et al., 1983) and transmission electron microscopy (TEM) of sectioned cells has continued to be a widely used method to confirm the presence of HIV in experimentally infected cell cultures (e.g. Popovic et al., 1984b; Gallo et al., 1984; Schupbach et al., 1984) . The characteristic appearance of sectioned virus, namely an outer envelope or membrane and a central elongated, electron-dense nucleoid has been extensively reported (e.g. Lecatsas et aL, 1984; Palmer et al., 1985; Gallo et al., 1984; Schupbach et aL, 1984) . Sectioned cells have also shown some details of the origin of the viral envelope and nucleoid by a process of budding from the cell surface (Munn et al., 1985) .
The more rapid EM techniques of scanning electron microscopy (SEM) and negative staining TEM have not been widely used for detection of HIV even though their speed and applicability to larger samples might make them more suitable than TEM of sections. To examine the usefulness of SEM and negative staining TEM for detection of HIV and to extend the observations obtained by sectioning, we have used these three EM techniques to examine two cell lines of T lymphocytes chronically infected with one of five isolates of HIV and one isolate of simian immunodeficiency virus (SIV). We describe the appearance of HIV as seen by SEM and by negative staining and correlate the results with TEM of sections; the observations were made with particular reference to rapid detection of the virus in cell cultures. D. J. HOCKLEY AND OTHERS METHODS Cells. T cell lines H9 and CEM were kindly supplied by P. Clapham (Chester Beatty Laboratories, London, U.K.). H9, a neoplastic clone from a patient with lymphoid leukaemia, is particularly permissive for HIV-1 (Popovic et al., 1984a) . The CEM cell line, a lymphoblastic line from the buffy coat fraction of the blood of a child with acute leukaemia (Foley et al., 1965) is also permissive for HIV-1 and is widely used for studying this virus. Both cell lines were passaged at 3-to 4-day intervals at an initial concentration of approx. 2 × 105 to 3 x 105/ml. The growth medium was RPMI 1640 supplemented with 10~ foetal bovine serum (heated at 56 °C for 30 min) to which penicillin (200 international units/ml) and streptomycin (100 ~tg/ml) were added.
Viruses (Biberfeld et al., 1987) . Each isolate was received as a growing culture in H9 or CEM cells and transfer to another host was accomplished by incubating the appropriate lymphocytes at a concentration of 5 x 106 to 10 x 106 cells/ml with cell-free culture fluid from the infected cell line for I to 2 h at 37 °C. The cell suspension was then diluted with fresh growth medium to 5 x 10 s to 10 x 105 cells/ml, incubated for 24 h at 37 °C and subsequently passaged as appropriate. Chronically infected cells (cultures in which fewer than 1 ~ of cells showed lysis at any one time) were established by long term passage. The presence of HIV-infected cells was established by co-cultivating 0-1 ml samples of the test cultures with 'indicator' cells J M and/or c8166 (Schneider et al., 1977; Salahuddin et al., 1983) ; characteristic syncytia, often exhibiting large lytic 'globes', usually developed within 5 h.
SEM. Glass coverslips were floated for 10 min on a 1 mg/ml aqueous solution of poly-L-lysine hydrobromide (Mr 1000 to 4000) and then dried and stored before use. The surface of a treated coverslip was flooded with a densely populated cell suspension and allowed to stand for 5 min at room temperature. Precautions were taken against drying, particularly during transfer of the coverslip into fixative. Specimens were fixed in 2.5 ~ glutaraldehyde in isotonic (300 mosM) sodium cacodylate buffer (pH 7.4) for 30 min at room temperature and then for 24 h at 4 °C. If necessary, specimens were stored in the fixative at 4 °C. Specimens were further processed in a continuous-flow apparatus (Baigent et al., 1978) so that they remained covered by fluid at all times until they were finally dry; thus up to eight specimens could be processed simultaneously under optimal conditions. Processing consisted of fixation with 1 ~ osmium tetroxide in isotonic cacodylate buffer for 90 min, a water wash, treatment with 5~ tannic acid (Mallinckrodt, catalogue no. 1764) for 1 h followed by further treatment for 30 min with 1 ~ osmium tetroxide, rapid dehydration in ethanol and finally critical point drying in carbon dioxide, The coverslips were mounted on SEM specimen stubs, sputter-coated with 5 nm of gold/palladium and examined with a Philips SEM 501B at 15 or 30 kV.
Preparation of sections for TEM. Approximately 5 ml of cell culture or about 106 cells were centrifuged at 800 r.p.m, in a conical tube to form a loose pellet of cells. The supernatant was removed and 2.5 ~ glutaraldehyde (as above) was added so as not to disturb the cell pellet. Specimens were fixed for 30 min at room temperature and then for 24 h at 4 °C; they were stored in glutaraldehyde if necessary. After glutaraldehyde fixation the cells remained as a pellet and were treated as though they were a small piece of tissue. The specimens were post-fixed in 1 ~ osmium tetroxide in isotonic buffer and then treated with 0.5~ aqueous uranyl acetate, dehydrated in ethanol and embedded via epoxy propane in Araldite resin. Sections were cut with a diamond knife, stained with uranyl acetate and lead citrate and examined with a Philips 201C EM.
Negative staining of samples for TEM. Suspensions of infected cells were centrifuged at 600 g for 30 rain at 5 °C. Supernatant fluid was then either centrifuged at 65 000 g for 60 min at 5 °C in a T45 Beckman rotor or treated with 30~ (w/v) polyethylene glycol (PEG) (M, 6000) in phosphate-buffered saline (PBS) to a final concentration of 9.8% PEG for 2 to 20 h at 4 °C and then centrifuged at 2000 g for 30 min at 5 °C. Virus pellets obtained by each fractionation procedure were resuspended in PBS to approximately 1/100 original volume. Virus suspensions were fixed in a final concentration of2.5~ glutaraldehyde at 4 °C for at least 24 h before examination. The suspensions were centrifuged onto glow-discharge-treated carbon films on AEI type specimen grids using a Beckman Airfuge operated at 25 lbf/in 2 (approx. 100000 g) for 10 min. If necessary, the specimens were diluted with water before centrifugation. All grids were washed in water, stained with 4~ sodium silicotungstate, pH 7-4, and examined with the Philips 201C EM operating at 80 kV. surface folds and more spherical protrusions (Fig. I a) . There was some variation in the surface appearance of normal H9 cells. On a few cells only a small number of microvilli were present and either the surface folds or spherical protrusions were the predominant surface feature. Furthermore, a small proportion of cells had a polarized appearance with different types of surface features on different areas of the cell; these cells were usually elongated rather than spherical.
RESULTS

SEM
H9 cells infected with HTLV-IIIB were easily distinguished from uninfected H9 cells; microvilli were lost and replaced by a lumpy surface consisting of large, bleb-like, spherical protrusions approx. 0.5 ~tm in diameter (Fig. 1 b) . These protrusions were evenly dispersed over the cell and covered most of the surface but between them there were some flatter areas of cell membrane. On these smoother areas it was possible to see particles of HIV even at relatively low magnification (Fig. I b) . The virus particles seemed to be present more frequently between the surface protrusions than on them (Fig. 1 c) . Some cells had many closely packed surface protrusions and on these cells the virus was sometimes difficult to find; presumably it was hidden between the lumps. The virus particles on ceils infected with HTLV-IIIB were approximately spherical and about 100 nm in diameter but slight variations in size and shape were recognizable by SEM (Fig. 2) . Particles usually occurred singly but some small aggregates of two or three particles were also present (Fig. 2) .
Virus Particles were also seen on some infected H9 cells which had a microvillous surface. Only a small number of such cells were present in infected cultures and they had fewer microvilli than typical uninfected H9 cells. Virus particles, however, were extremely numerous and closely packed on some of these microvillous ceils (micrographs not shown). A few infected H9 ceils with a polarized morphology were also seen. These cells usually had more pronounced surface folds or microvilli at one end of the cell and budding virus was usually restricted to the less folded and smoother end.
Many of the features of 1-19 cells infected with HTLV-IIIB were observed in H9 cells infected with SIVMAc. Cells infected with the monkey virus, however, frequently had a polarized morphology and thus the virus was often restricted to one half of the cell surface (Fig. 3 a) . The virus particles also tended to be present in small aggregates of three or four particles, and on some cells the particles were restricted to a single large compact and closely packed aggregate (Fig. 3 b) . On highly polarized cells these large aggregates were typically at one end of the cell and seemed to be present on cell extensions so that they projected from the cell. Aggregates of SIV~Ac were also present on some spherical H9 cells, in which case there was a rounded aggregate of virus not noticeably associated with any particular cellular feature. The formation of a lumpy cell surface as seen in HTLV-IIIB-infected cells was not so marked in H9 cells infected with SIVMA c.
Normal uninfected CEM cells were about 10 ~tm in diameter and in most instances they had a highly polarized morphology. Large sail-like folds or ruffles were observed on the anterior half or end; the main body of the cell was rounded and had a smooth and relatively featureless surface, but at the posterior end there was often a small patch of short and uniform microvilli. Not all cells were so markedly polarized; some more spherical cells were present in all cultures and were probably more numerous in younger cultures. Spherical cells occasionally had surface microvilli but more frequently the surface was extended into long fold-like structures similar to but smaller than the large folds of polarized cells. These smaller folds either covered the whole cell or were restricted to part of the cell surface.
Infected CEM cells showed a consistently polarized distribution of budding HIV on their surface. CEM cells infected with HTLV-IIIa typically displayed virus particles on only about half of the cell surface and the virus was usually in small groups of three or four particles. Infection with the MA-1, SK and R U T isolates of virus often produced single, small, compact aggregates of virus ( Fig. 4a) with possibly a few scattered particles over the remainder of the cell surface. The different degrees of aggregation were not simply due to the different isolates of virus since the most compact aggregates were present on the most highly polarized cells, whereas cells with a more spherical appearance displayed more dispersed virus. The small compact aggregates were always positioned at the posterior end of the motile polarized cells (Fig. 4a) where there was often a small patch of microvilli. Small amounts of virus were sometimes difficult to observe amongst the microvilli. Furthermore, cell debris and mycoplasmas (in contaminated cultures) also accumulated at the posterior pole of the cell (Fig. 4a and b) and sometimes obscured aggregates of virus.
TEM sections
All specimens that were examined by SEM had duplicates that were sectioned for TEM. Thus all SEM observations were confirmed in sections and the particles seen by SEM were confirmed as virus by the presence of a typical central, electron-dense nucleoid. Sections also gave further details of cell morphology. H9 and CEM cells had large nuclei, numerous mitochondria, many free ribosomes and small amounts of endoplasmic reticulum. The normal appearance of the cell organelles in sections indicated that the various morphologies seen by SEM all represented relatively healthy cells and not degenerate or moribund specimens. The lumpy cell surface seen in infected H9 cells was also recognized in sections; the lumps contained normal cytoplasm and were not simply membrane blebs. The dispersed distribution of virus particles on infected H9 ceils was clearly seen in sections but the location of particles between rather than on the surface lumps was not obvious in sections, probably because of the much smaller area of cell surface seen in a section. Aggregated virus, particularly SIVraAC and MA-1, was also recognized in sections; in both cell lines the aggregates were often associated with a patch of cell projections and vacuoles which probably indicated cell capping.
The virus particles presented a variety of appearances in sections which could usually be related to different stages in the budding and maturation processes. Most of the morphological differences between different isolates were not observed consistently enough to ascribe them to a particular isolate, and they are reported simply to illustrate the range of morphology exhibited by HIV. The typical appearance of mature HIV, as shown by HTLV-IIIB on infected H9 cells consisted of a lipid bilayer membrane enclosing a small amount of granular material and a central dense, elongated nucleoid (Fig. 5 a) . The nucleoid was often tapered at one end (Fig. 5a ) and the narrower end v~as occasionally electron-lucent. In transverse sections the nucleoid was circular and sometimes appeared empty, presumably when sectioned through the narrow, electron-lucent end. There was very little evidence of glycopeptide surface spikes in these sections of HTLV-IIIB (Fig. 5a ) or with most of the other HIV isolates examined. Spikes were seen most clearly on particles of S[VMAc (Fig. 5b) and to a lesser extent on the RUT virus in CEM cells and RF virus in H9 cells. The spikes were approximately 10 nm in length. Even in the H9 ceils infected with SIVMAc it was possible to find cell-associated virus with little evidence of spikes, whereas all the virus on the surface ofa neighbouring cell clearly showed spikes. Particles were also found that showed spikes on only part of their surface (Fig. 5c ) and, with the MA-1 virus particularly, spikes were sometimes seen in the early budding stages of the virus even though they were not observed on the more mature particles.
The typical stages of budding virus with a crescent or ring-like morphology (Fig. 6a, b and c) were observed with all isolates that were examined, although they were not found frequently. The chronically infected cells either showed mainly budding and immature virus or had mature virus particles on their surface, but only a small number of cells demonstrated virus budding. No particular morphological features were associated with cells showing budding although budding often occurred on cell microvilli and surface folds and even at the tips of microvilli. Budding was seen on a few giant, multinucleate cells; in these cells the budding occurred in surface pits.
Ring-like cell-free particles with a peripheral electron-dense layer immediately beneath the viral membrane and an electron-lucent centre (Fig. 6e) were present in all isolates. These particles corresponded closely in structure to the ring-like particles that were seen still attached to the cell membrane (Fig. 6c ) and they were presumably newly released immature particles. Some particles did not have a complete layer of electron-dense material beneath the whole of the (Fig. 6d) and frequently the portion of membrane without a dense layer was extended into a small taiMike projection from the particle. This projection may have been the final site of attachment to the cell and the appearance of complete ring-like particles (Fig. 6e) may have been simply due to the plane of sectioning. A few ring-like particles were found which also had a central dense inclusion (Fig. 6f) .
Other less frequent variations in morphology of the sectioned virus were observed. The RF virus generally showed some particles with uniformly dense granular contents ( Fig. 7 a) ; possibly these preceded the formation of the central dense nucleoid. Particles with an elongated dense nucleoid also displayed various amounts of other granular material enclosed within the lipid envelope (Fig. 7 b) . Considerable variation in the size and shape of the virus was observed. The mature particles were approximately spherical, but often somewhat angular in shape, and 100 to 125 nm in diameter. The ring-like particles had a more consistently spherical shape and were larger (140 nm diameter). A few mature particles were found that were larger than average and appeared to contain a double nucleoid. At an early budding stage some particles were very closely associated with each other on the cell membrane (Fig. 7 c) , and enlarged particles which appeared to be two ring-like forms joined together were also found; these may have given rise to the double nucleoid particles. 
Negative staining TEM
Three morphological types of particles were recognized in the purified virus preparations examined by negative staining; they were (i) ring-like immature particles, (ii) mature virus particles and (iii) small particles with surface spikes.
Particles with a ring-like structure were found in all preparations but they were observed most frequently in preparations of MA-1 and SK viruses. They presumably corresponded to the ringlike immature particles seen in ultrathin sections which also occurred in greatest numbers in cells infected with MA-1 and SK isolates. The immature particles were spherical and 110 to 140 nm in diameter. There were virtually no spikes visible on the surface of the particles, although an outer lipid membrane was clearly present (Fig. 8a) . Many of the immature particles were penetrated by stain and granular material was visible inside the virus; this material was often closely apposed to the lipid membrane with the centre of the particle appearing empty (Fig. 8 a) . Thus these particles corresponded closely in structure to the ring-like particles seen in sections of the same preparations of virus (Fig. 8 b) . A few particles contained a central granular structure in addition to the peripheral ring of material (Fig. 8 a) and, similarly, a few such particles were seen in sections (Fig. 6f) . The peripheral granular material frequently showed striations with a periodicity of approx. 5 nm and possibly a helical arrangement (Fig. 8a, c and d) . In a few specimens it was possible to see that the peripheral material formed a shell-like layer inside the lipid membrane (Fig. 8 c) and it was presumably a rigid structure since it remained visible even when the viral membrane was absent or broken (Fig. 8 d) .
Mature virus particles were recognized in negative staining preparations by the presence of a central elongated tapering structure (Fig. 9a) which corresponded closely in size and shape to the central nucleoid seen in a sample of the same preparation of virus examined by sectioning (Fig. 9 b) . The mature virus particles were approximately spherical in shape and 100 to 150 nm in diameter. The outer lipid membrane was frequently broken or absent in places (Fig. 9c) and there was no evidence of surface spikes. The central nucleoid remained recognizable even when the viral membrane was extensively broken (Fig. 9c) . Negative staining revealed no further details of the structure of the nucleoid except that it was sometimes possible to detect an outermost layer which was distinct from the general granular appearance of the nucleoid ( 9 c and 10a). The remaining space inside the membrane and adjacent to the nucleoid was filled with diffuse granular material in which no particular structure could be observed (Fig. 9a) . In the preparations of HIV there were always many vesicles with granular contents in which it was not possible to recognize a distinct nucleoid (Fig. 9d and 10a) . In some of these particles the granular contents were separated from the membrane by a thin, stain-filled layer so that it appeared as if the nucleoid was occupying the whole particle.
The third type of smaller particle, with surface spikes, was found in preparations of SK and MA-I virus derived from CEM cells and in RF and HTLV-IIIB virus from H9 cells. The small particles were present alongside immature and mature HIV particles (Fig. 10a ) but they were less numerous than HIV. The particles were usually spherical but sometimes slightly angular in shape (Fig. 10a ) and 65 to 90 nm in diameter. Little structure was visible in the centre of these particles (Fig. 10a, c and d ) but frequently the peripheral area was demarcated (Fig. 10a, c) as might be expected for a lipid membrane. When preparations showing these small particles were examined by sectioning small spherical bodies were seen which were limited by a lipid bilayer with an outer fuzzy coat (Fig. 10b) . Such bodies possibly correspond to the small particles seen by negative staining. The outer surface of the particles in negative staining preparations was covered with spike-like projections approximately 10 nm in length (Fig. 8 a, c, d ). N o particular shape or form of the spikes could be recognized but they were presumably widest at their outer end since there was more penetration of stain between the bases of the spikes than at their tips (Fig. 8 a, c, d ). The spikes were not always evenly distributed over the surface of the particle and occasionally there were small areas where spikes appeared to be absent. The small spiked particles were not detected by negative staining in a preparation made from a control CEM culture not infected with HIV, (Schneider, 1976) although continuous-flow processing techniques (as used in this investigation) are thought to reduce the amount of shrinkage (Rostgaard & Tranum-Jensen, 1980) . The H9 and CEM cell lines have characteristic morphological features which assist in SEM detection of HIV. Infected H9 cells generally show a characteristic change in morphology when compared to normal uninfected cells. This change can be recognized easily at low magnification and further examination of the cells at higher magnification often reveals the virus particles. Recognition of virus particles is important since the change in morphology may be a general response to adverse conditions rather than a specific change in HIV-infected cells. The morphology of the motile CEM cells also helps SEM identification of infection. Surface material accumulates at the posterior end of motile cells due to external ligands (e.g. viruses) causing cross-linking and reduced mobility of membrane proteins (e.g. virus receptors) (Bretscher, 1984) . The posterior ends of polarized CEM cells can be identified at low magnification and then examined at higher magnification for aggregates of virus particles thus simplifying SEM detection of HIV. A possible disadvantage of the CEM cells in relation to SEM is that other surface material such as mycoplasmas can also behave as multivalent ligands and collect or cap at the posterior end of the cell (Stanbridge & Weiss, 1978) . Large numbers of pleomorphic mycoplasmas can easily obscure the virus and small spherical mycoplasmas are difficult to distinguish from virus.
Negative staining of HIV preparations provides characteristic images of the virus which correlate well with the immature and mature particles seen in sections and thus allow detection of HIV by this technique. Fixed specimens were used to ensure complete inactivation of the virus and fixation was probably also advantageous in ensuring a uniform and constant appearance of the virus. Negative staining is usually performed on live infectious specimens and unfixed retroviruses often become highly distorted during final drying on the grid (Bonar et al., 1963) . Stannard et al. (1987) performed negative staining on unfixed purified HIV preparations and found some approximately hexagonal particles, but also many aberrant particles with long tail-like protrusions.
Final maturation of retroviruses is known to occur only after detachment of particles from the cell surface; it may take several hours to complete and morphologically it is a change in the viral core from a spherical ring-like shell to a central dense nucleoid (Dubois-Dalcq et al., 1984) . Striations of the ring-like shell of retroviruses have been described previously by Gelderblom et al. (1974) and Sarkar & Moore (1968) described a helical arrangement of the nucleoid in mouse mammary tumour viruses which had been disrupted by detergent treatment. The apparent absence of spikes on the immature particles seen by negative staining is difficuR to explain. Stannard et al. (1987) also observed structures in negative staining preparations which were interpreted as incomplete budding virus and which possessed only indistinct projections on their surface.
Negative staining of mature virus particles correlated well with the appearance of the particles in sections but revealed few further details, possibly because both types of specimens were initially fixed in the same way. Even though the specimens were fixed they appeared to be fragile since the preparations contained many broken vesicles with an indistinct or enlarged nucleoid. Stannard et al. (1987) examined unfixed specimens and observed many surface spikes on the particles but were unable to visualize the core or nucleoid except after detergent treatment of the specimens. Lecatsas et al. (1986) also examined unfixed preparations and found spike-free particles with an elongated nucleoid similar to those seen in the present study. The loss of spikes from mature HIV has been reported by Schneider et al. (1986) and Gelderblom et al. (1987) .
The small spiked particles that we have observed by negative staining in all our HIV preparations were also found by Lecatsas et al. (1986) who are also unable to explain their origin or significance. The observations on HIV in sectioned cells provided no evidence that the spiked particles might be early developmental stages of HIV or degenerating or incompletely formed particles. Furthermore, the cells gave no evidence of any other contaminating virus infection. The small spiked particles have some morphological similarity to coronaviruses although the spikes are shorter than those usually found on coronaviruses (Macnaughton & Davies, 1987) .
We have shown in this study a range of morphology that can be seen by SEM of HIV-infected cells or by negative staining of HIV preparations. Users of SEM or negative staining for detection of HIV need to be aware of these variations in morphology and must be able to recognize them. Most of the variation is probably due to the duration of infection but some may be related to growth of the virus in different cell lines and possibly also to different strains or isolates of virus. Further EM characterization of different isolates of HIV might be valuable in helping to determine the importance of strain variation in relation to diagnostic tests, vaccine development and to the acquired immune deficiency syndrome.
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